. is (Bolsinger 1979) and continued to show an increase in current markets. Of the estimated 950 million board feet of western redcedar harvested between 1975 and 1976, 66 percent consisted of trees that were 21 inches (53.3 cm) diameter at breast height and larger (Bolsinger 1979 (Daubenmire and Daubenmire 1968; Steele and others 1976 Ferguson and Adams 1979; Seidel 1977) . Likewise, understories of tolerant deciduous trees can be released successfully (Johnson 1975; Carvell 1967; Sander and others 1976) . Growth response after overstory removal is often delayed one or more years as the understory becomes acclimated to its new environment (Herring 1977; Herring and Ethridge 1976 (Deitschman and Pfister 1973; Berry 1968) .
Tree characteristics such as diameter, height, crown condition, rooting habit, and age are related to the growth performance of a tree after release. Larger diameter tolerant trees usually show better growth response after release than smaller diameter trees (Leaphart and Foiles 1972; Herring and Ethridge 1976; Johnson 1975) . Shade-tolerant trees with extensive symmetrical root systems and little root mortality respond well to release (Leaphart and Grismer 1974; Eis 1974) (Herring 1977 , Crossley 1976 (Ferguson and Adams 1979; Herring 1977; Herring and Ethridge 1976) , as do many deciduous trees (Johnson 1975 (Koenigs 1969) . Similarly, Berry (1968) (Wallis and Morrison 1975) .
The leaves of shade-tolerant species are adapted to low light conditions and must change or be replaced when exposed to increased light. Shade-tolerant beech (Fagus grandifolia Ehrh.) leaves are efficient in dim light with leaf stomata opening rapidly in response to low light levels (Woods and Turner 1971) . This allows the species to take advantage of short periods of light for photosynthesis even though the photosynthetic rate may be very low (Loach 1967) . In addition, tolerant species have low respiration rates that help them survive in shaded conditions (Loach 1967 (Wellner 1979) 11. Tree species - (Little 1979) (Graham 1980a (Stage 1976) . If either the sine transformation term or the cosine transformation term was significant as an independent variable in predicting diameter growth, they both remained in the regression model. (Herring 1977) , and nutall oak (Quercus nuttallii Palmer) Johnson 1975 (Graham 1980b; Seidel 1977 (Herring 1977 Cole and Stage (1972) , and Stage (1973 White and Leaf (1964, 1965) (Hopmans and others 1978) and unrelated (Pritchett and Llewellyn 1966) (Steinbrenner 1979 (Powers 1976; Eis 1974 Significant interactions between soil characteristics were detected using two variable regression models. For the 0-5-year time period since release the significant interactions identified were total nitrogen-iron and pHpotassium (table 7) (Alban 1958 (Jorgensen 1967) . Much of the total nitrogen is immobile or nearly so in organic matter and long periods of time are involved in its breakdown (Shoulders and McKee 1973) . Switzer and others (1968) showed that soils of a southern pine ecosystem contained 1.700 lb ( (Leaf 1956 ). as can the tree genotype (Steinback 1971) . Likewise, tree rooting habit and the ability of tree roots to penetrate forest soils can affect (Waring and Youngberg 1972) . To better assess soil fertility of forest soils, Leaf and Madgwick (1960) suggested modifying agricultural soil tests by including soil volume to better express soil fertility.
Because of these problems, total quantities of soil nutrients in forest soils can seldom be related easily to tree growth (Ralston 1964) as shown by Ballard and Pritchett (1975) and Pritchett and Llewellyn (1966 Leyton and Armson (1955) determined the critical threshold amounts of foliar nitrogen and potassium for height growth of Scots pine (Pinus sylvestris L.). The same methods were used to estimate Japanese larch (Larix leptolepsis Murr.) height growth as a function of foliar nutrient concentrations (Leyton 1956 ). Foliar nutrient quantities can be used to predict basal area, height, and volume growth of red pine (Pinus resinosa Ait.) (Hoyle and Mader 1964) . Likewise, amounts of nutrients in leaf parts are related to the height and volume growth of sycamore (Platanus occidentalis L.) (Haines and others 1979) . Using entire tree populations, Stone and others (1958) Gagnon (1964) and Radwan and DeBell (1980) . Mathematical models predicting tree growth using foliar nutrients can help identify amounts of foliar nutrients that limit tree growth. The relationships of tree growth to foliar nutrient concentrations have been divided into a region of deficiency, a region of critical amounts, and a region of luxury consumption (Barrows 1959; Richards and Bavege 1972; Everard 1973 ). Leyton (1958) , when investigating critical and nutrient requirements for tree growth, found it easier to detect critical nutrient amounts than to find optimum amounts or to predict fertilizer response.
Critical and deficient amounts of foliar nutrients for fruit production have been thoroughly investigated (Sprague 1964) and are continually being refined for different crops and soils (Jones and others 1968; Embleton and Jones 1966; Embleton and others 1971) .
Foliage nutrient concentrations for many eastern conifer Avard 1968. 1969; White 1954) , and southern conifer (Wells and Metz 1963) Ashby (1959) . Ashby and Mika (1959) , Hacskaylo and Struthers (1959) , Ike (1968) , Phares and Finn (1972) . Smith (1976) . Perala and Sucoff (1965) , and Mader and others (1969) . Foliar symptoms of mineral deficiencies of conifers have been described by Walker and others (1955) . White and Wright (1966) , and Behan (1968 Walker and others (1955) .
3 For conifers (Powers 1976 (Brendenmuehl 1968; Benzian and Freeman 1967) . Therefore, the negative relationship of potassium to release could actually be a nitrogen deficiency expressed by potassium even though an interaction between potassium and nitrogen could not be detected. Perhaps no interaction was detected because potassium is highly mobile within a tree (Bukovac and Wittwer 1957) ; therefore, adequate amounts for foliage metabolism can be supplied through redistribution within the tree (Switzer and Nelson 1972 
